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Interferometer Systems S0

Will Deliver

® Structurally-Connected
Interferometer concept for the
minimum TPF science

® Formation-Flying Interferometer
concept for the full TPF science

Terrestrial Planet Finder Mission

® Technology results, end-to-end
simulation, and model validation
to demonstrate viability of

How: concepts

® Architecture Team

A NASA o Design Team
Origins
Mission ® Technology Teams

TPF Interferometer Systems 23 July 2003 pg2




Interferometric Exo-Planet Detection
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antenna pattern on the sky
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Dual Chopping Bracewell Nulling Architecture
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Chopping: a method for background suppression
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antenna pattern on the sky
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Chopping enables fast
modulation of signal




Strawman for Structurally-Connected
S
Interferometer

L

Terrestrial Planet Finder Mission

® Dual-chopped Bracewell
Sunshield ® Four apertures, 3.2 m diameter
® +/-45 degrees sky coverage
¢ 36 m array

Boom ® Delta-4 heavy, 22.4 m fairing
® L2 Orbit

® 56 stars surveyed in 2 years

A NASA
Origins
Mission

SCI 1s resolution-limited

Spacecraft
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Formation Flying Interferometer Strawman _JIL

o

% ® Dual-chopped Bracewell

% Four ® Four apertures, 4.0 m diameter
E Collectors ® +/-45 degrees sky coverage

o ® Array size: 70 to 150 m

2 l ® Delta-4 heavy, 22.4 m fairing

® L2 Orbit

® 150 stars surveyed in 2 years

ﬁ ® FFI 1s sensitivity-limited
Combiner

TPF Interferometer Systems 23 July 2003 pg7




Strawman Comparison

Science Capability
Number of Stars
Science Assumptions
Local zodi (MJy per sr, at 12 ?m)
Star List:
Engineering Assumptions
SNR for Detection
Min Wingtip-to-Wingtip spacing (m)
Number of visits
Inclination Factor = (IHZ / IWA)
HZ (au) for 95% completeness, half-earth
area
Engineering Parameters (Derived)
Nulling Architecture
Array size (m)
Number of apertures
Mirror diameter (m)
SKky coverage (+/- degrees, from anti-sun
Throughput

Integration Time / (2 yrs Calendar time)
Number of detectors

Structurally
Connected
Interferometer

56

14
modified Ebbets

5
NA
3
1.29

0.7-1.5

uneven DCB
36
4
3.2
45
5%
50%
1

Formation Flying
Interferometer

150

14
modified Ebbets

5

10

3
1.29

0.7-1.5

even DCB
70 to 150
4
4.0
45
7%
75%
2




Collaboration with ESA JIPL

Terrestrial Planet Finder Mission

TPF Book Design ESA - Darwin.

i, |

' /”1 ) ]
/ ®

A NASA
Origins
Mission

4

[ALCATEL

* Objective — make common nulling architecture recommendation

* Figures of Merit:

— Detection Sensitivity - Launch packaging
— Fuel Usage - Beam combiner complexity
— Leakage suppression - Array size
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SWG +
Interferometer
Scientist

Interferometer Syste

FF
Technology

Inter-
ferometer

Core TPF
Team 2 Viable Project

Point Designs

Project Mission Reqts

Engineer
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TPF Interferometer Systems

TPF Project Office

Dan Coulter, Project Manager
JPL Chas Beichman, Project Scientist

Industry participation

mOEL

Interferometer Interf t
Systems Manager S —
. . L . Gary Blackwood cientist
University participation Gene Serabyn
Contract Management Chief Architect
Goddard Serge Dubovitsky
Bertrand Mennesson
Indusry: Steve Mitchell Oliver Lay
University: Brad Swenson Asif Ahmed
Eric Bloemhof
I
1
Design Team Formation-Flying Interferometer Technology
Curt Henry Technology Steven Gunter
MiMi Aung
System Engineer Observatory Simulation Formation Sensor Testbed Testbed Architect Testbed Architect Acrhomatic Nuller
Louise Hamlin Brent Ware Jeff Tien Asif Ahmed Eric Bloemhof Kent Wallace
Integrated Modeling Instrument FAST Formation Control Testbed Mechanical Elements Planet Detection Testbed
Greg Moore Ben Platt Matt Wette Asif Ahmed Paul MacNeal Stefan Martin
Structure Formation Flying
Paul MacNeal Asif Ahmed Mgmt & Sys Eng FAST Algorithms Cryo Structures
Matt Wette Dan Scharf Marie Levine
Telescopes
Bill Danchi FAST Software Fast Sim & Test
Goddard Space Flt Ctr Ed Benowitz G Sohl e,
Marie Levine
o CU - Peterson
Dave Leisawitz SPHERES Thermal Shields
MiMi Aung Paul MacNeal SCI Model Verif
MIT-Miller Brad Swenson
MIT-Miller
Formation Interf Testbed gnetic Fe ion Flight
Leticia Montanez Brad Swenson Cryo Delay Line
MIT-Miller Robert Smythe
Optical Elements ‘ Beam Control Technologies
Duncan Liu ‘ Eric Bloemhof
University Contracts
Brad Swenson
Mid IR Spatial Filters IR Materials & Coatings Adaptive Nuller Phase Sensing Testbed
Duncan Liu | Nasrat Raouf Muthu Jeganathan Brad Swenson
UofA - Hinz
Trade Studies Propulsion Contamination
Brad Swenson Brad Swenson
MIT- Sedwick MIT- Martinez UofA - Symm Beamsplitter
Brad Swenson
UofA - Hinz

Tel Aviv Univ-

Integrated Optics
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Top Technical Concerns:
Kepner-Trego Method JPL

Terrestrial Planet Finder Mission

A NASA
Origins
Mission

Concerns Prioritized by:

— Gap (Seriousness) =»compare Reqt to SOA
— Urgency =>» will it be a showstopper in 2006?
— Trend =» is anyone else working on it?

Top Concerns Mitigated by:
— System Engineering =>» Design Team
— Technology Development = Technology Teams
— Inheritance =» Current, by 2006, by Phase C/D
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Interferometer Building Blocks: Categories for Concerns

Large IR Optics

Performance
Requirements

3.5 mat 40 °K

Thermal

Formation
Flying
OR
Large
Structure
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Metrology

Structures

Controls
o

Starlight
Nulling
Beamtrain
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/
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Single mode filter

~6 °K

Spacecraft

Launch
accomodation




Technical Concerns (1 of 2) JIPL

CORE COMMON
StarLight Nulling BeamTrain Flight and Mission System
* Nulling Architecture e Launch packaging of SCI and FFI

. . o
Beam Combination e Interspacecraft communications

e Internal Thermal Emissions . Sky coverage / thermal shield

e Spatial Filters packaging

e Intensity Matching
e Phase Control

Terrestrial Planet Finder Mission

Integration and Performance

Verification

Instrument Controls e End-to-end flight system test

e Pointing control of compressed beam

e Overall system complexity
e Cryo Delay Line path stability

Detectors Retired Primarily by Technology

Retired Primarily by System Engineering

A NASA
Origins
Mission

Cryocoolers
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Technical Concerns (2 of 2) JIPL

structure

Terrestrial Planet Finder Mission

A NASA
Origins
Mission

CRYO STRUCTURE FORMATION FLYING

Precision Cryogenic Deployed Structure = Formation Flying System

e Stability of long cold deployed e Long Term System Robustness

e Performance of Fine Formation

* Cryo hinge and latch stability Control

e Ability to predict on orbit performance e Algorithm Functionality in Deep Spac
— availability of modeling tools .

Coarse Acquisition Sensor

Formation Flying Accommodation
e RF Interference from thermal shield

e Inter spacecraft stray light

Retired Primarily by Technology
Retired Primarily by System Engineering
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NOT on the Top Concerns List because
of Inheritance JP

L

 Large IR optics
NGST
 Relative linear metrology
StarLight, SIM
» Absolute metrology
Code R: Distributed Spacecraft
Technology program
* Detectors
SIRTF, NGST
* Passive cooling
NGST
» Knowledge of on orbit disturbances and
environment
SIM, NGST, SIRTF, IPEX
* Microdynamic Disturbances
Origins IPEX

Mission

Terrestrial Planet Finder Mission
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Achromatic Nulling Testbed S0

Terrestrial Planet Finder Mission

Al
Or
Mi

 Key Intended Result: 4x10“4 WL Null. 20% bw
— Stable 10-° white light null with 50% IR WhitLight Nullvs. OPD
MNNY
[ J 7_12 Mm 0.1 v \/ Y
10-° Laser Null, 10 um
Two Detector Nulling —
Polarizer and 50um Pinhole
10000000
1000000
n:; 1000
100
10 {\/’ \
.-
Sample No.
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Planet Detection Testbed JIPL

5/ * 4-beam demonstration of dual-chopped Bracewell
n
d|* Key intended result:
ko — Planet extraction (10-° planet/star contrast), at 10 um
fwr
i — 10 null depth
Q eqe
E — 1077 null stability
A .
- — Amplitude and phase control (0.4%, 4 nm) _ _
s Functional diagram of TPF nuller
n
(0]
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e -
B B —>] Beam —{ optical . >
':p Mirrors” [ Totomomes ] Gner Nm S I
3 Dichroic f u
K Band t ‘
| Star Tracker d Nuller
To Quadcells & | I [ Controller 3
Telescopes.‘ Shear Sensors [N Dichroic % < oatial Soect .
‘ : e il = s
7 L, Band _g
E::i»rr:h:sing Nuller -'3
I_ Trac?(er Controller
= ﬁ ﬂ:and ‘ ﬂ
A NA! p— Legend
Origi = Nuller £ > Light Paths
Missi == Control Signals
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Nulling and Planet Detection

SPL

.

A NASA
Origins
Mission

I PI i Terrestrial Planet Finder Mission
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Core Interferometer Technology I

Mid-Infrared Spatial Filters

r 4

Adaptive Nuller

I PI ‘ Terrestrial Planet Finder Mission

Deformable
Mirror

=

A NASA
Origins
Mission
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Cryogenic Structures Technology I

Structurally-Connected Cryogenic Structures
Interferometer Testbed Technology

LOCKNEED ﬂﬂlrlﬂ'ﬁ

I PI ‘ Terrestrial Planet Finder Mission

A NASA
Origins
Mission
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Formation Flying Technology S0

FAST Formation Control Testbed

. CFU
Sphericzl Electronics
Air Banring ermlar

Optica Leweling Mass
Sensor I
FF

Sensar

‘o._} i

Cylindricsl SR,
Air Eﬂarinhtj &
o Thruster

Terrestrial Planet Finder Mission

A NASA
Origins
Mission
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Next Steps

Architecture
— Update concerns
— Ensure testbed plan effectiveness
— Nulling architecture recommendation with ESA

— Science capability assessment (

Design Team

Terrestrial Planet Finder Mission

— Next level of design

— Engineering Capability assessment

Technology

— Deliver results per plan

— Meet interim milestones

A NASA
Origins
Mission
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Summary

SPL

Terrestrial Planet Finder Mission

A NASA
Origins
Mission

Interferometer Systems Will Deliver

® Structurally-Connected
Interferometer concept for the
minimum TPF science

® Formation-Flying Interferometer
concept for the full TPF science

® Architecture Trades
® Concerns Identification / Mgmt
® Design Team

® Technology Development

TPF Interferometer Systems
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A NASA
Origins
Mission

I PI i Terrestrial Planet Finder Mission

TPF Interferometer Systems
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Top Concerns: Core Interferometry JILL

Terrestrial Planet Finder Mission

A NASA
Origins
Mission

Category Primary Concern TPF Requirement
Starlight Nulling Nulling architecture Survey 30-150 stars for terrestrial planets
Beamtrain

Beam combination 4 or 6 beams, 10° null 6.5- 17um
Internal thermal emissions <<100 photons/sec
Spatial Filters 70% throughput in single mode, 6.5-17um
Intensity matching 0.2%
Phase control Inm (all frequencies)
Instrument Pointing control accuracy of 50 mas
Controls compressed beam
Cryogenic delay line closed loop | 0.1 nm at 40K
stability
Detectors Cryocoolers 30mW at 6K

TPF Interferometer Systems

23 July 2003 pg 26




Common Concerns JIRPL

o
.
a Category Primary TPF Requirement
% Concern
T
=
[
‘g Flight & Mission Launch packaging of Self imposed
Q_.“j System structure, formation flight
~ systems
&
§ Interspacecraft Continuous reliable high data
E communications rate
4 Mbits/sec
Sky coverage At least +/- 45 deg
Integration and End to end flight system | Ability to verify multi-
Performance test collector distributed flight
. . system
Verification
Overall system Acceptable risk
A NASA complexity
Origins

Mission
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Top Concerns: Formation-Flying _JIFLL

Category

Primary Concerns

TPF

Requirements

Formation-Flying

System

Terrestrial Planet Finder Mission

Long-term system robustness

5-10 years

Performance of fine formation control

1 cm range, 20 arcsec bearing
accuracy

Algorithm functionality in deep space

5 s/c autonomous sensing collision
avoidance performance

Course acquisition sensor

50 cm, 1 deg, 4w sterarian FOV with
no calibration maneuvers

Formation Flying

Accommodation

RF interference from thermal shield

Low multipath effects on RF range
measurements

Inter spacecraft stray light

<<100 photons/sec

A NASA
Origins
Mission
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Top Concerns: Connected Structure JIL.

o

©)

% Category Primary TPF

% Concern Requirement
Q

g Precision Stability of long 1nm, 36m, 40K

% Cryogenic Cryogenic structure

qu Deployed Cryo hinge and latch stability | < 100m

: Structure

é Structural modeling tools Confident prediction of
& performance

A NASA
Origins
Mission
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